To date most research on optical networking has concentrated on wavelength-division multiplexing (WDM), which routes different packets according to the wavelength of the optical carrier. Optical time-division multiplexing (OTDM) is considered as an alternative to WDM for future networks and with single stream data rates of 100 Gb/s using a single wavelength at high (up to 100 Gbit/s) data rates
INTRODUCTION OF ALL OPTICAL ROUTER

.Introduction to TOAD
The model presented in this paper is composed of two terahertz optical asymmetric demultiplexers (TOAD)1. The single TOAD architecture is shown in Fig. 1 ,which is composed of a small optical ioop mirror, a nonlinear element (a semiconductor optical amplifier SOA) and an intraloop 2X2 coupler for injecting control (clock) pulses into the SOA. When OTDM data pulse enters the TOAD, each pulse splits into equal clockwise (CW) and counterclockwise (CCW) components. They counter-propagate around the loop and arrive at the SOA at slightly different times as determined by the offset Ax of the SOA from the midpoint of the loop. When control pulse anives at the SOA just before the CCW component, but just after its CW counter propagating complement, it induces non-linearities in the SOA which cause the two components to experience different gains and phase shifts, consequently recombine and exit the loop at the output port 2. All other data are reflected by the loop mirror and exit the loop via port 1 in the absence of a control signal. The width of switching window of TOAD is set by the placement of SOA in the loop, LeAx, which is the offset from the middle ofthe loop. The TOAD can perform ultrafast all-optical address recognition by choosing Axtc/2 (where is the bit interval and c is the speed of light in the fiber). When AxTc/2 (where T is the length of an optically compressed photonic packet), the TOAD can be used as an ultrafast all-optical routing switch.
L2 Analysis of switch operation
To demonstrate all-optical address recognition and single bit self-routing, a single node of all optical time division multiplexed router is constructed from two TOADs. As shown in Fig2, the switching node consists of an all-optically controlled routing switch (TOAD2 with Ax=2T/c, where TlOns is the width of switching window), an ultrafast controller (TOAD1 with Ax2'r/c, where 'c is the width of the window equals to the duration of the address bit) and a buffer. The ultrafast controller all-optically sets the states ofthe routing switch (TOAD2) in a switched or unswitched state, and the optical buffer matches the delays of the input packet to the processing delay ofthe routing controller.
OThM data in When OTDM data signal enters the node, the clock, which is an orthogonal polarization signal, is separated from the optical packet using a polarization beam splitter (PS) and then used as the control signal of TOAD 1. A portion of the packet is split off and sent to TOAD1 before entering the buffer. The TOAD1 reads the packet destination address bit, which is demultiplexed address bit and used as the optical routing control for the routing switch (TOAD2). The optical packet, with a 4ps bit duration (e.g. 25OGbit/s), is composed of a leading clock pulse, a ibit header, and an empty payload. In a single bit routing scheme, the packet with address bit of value "1 " are routed to output port 2, while packet with an address bit of value "0" are routed to output port 1 . Thus photonic packets are self-routed through an all optical ultrafast switch without the need for optoelectronic conversion. The component count is reduced and the complexity of the routing architecture minimized.
SIMULATION OF THE ALL OPTICAL ROUTER
Using the model described above, the output ofthe TOAD1at port 1 and port 2 are simulated with the parameters listed in Table   Parameters Values We assume that there is a 5 bit header at the input of the TOAD1 as shown in Fig. 3 , in which the bit C is the address bit which will be demultiplexed by TOAD 1. The clock signal is set to select bit C (address). The outputs of TOAD 1 at port 2 are shown in Fig. 4 . As canbe seen the address C appears at the center of the switching window as required. But bit B also appears (with reduced intensity) within the windows, which contributes to the crosstalk.
Port 2 field. The simulation of TOAD2 (packet router) is the same as the TOAD1 except the width of the witching window is equal to the length of the packet. e.g. 10 ns per packet. The width of the switching window is set by the SOA position Ax which is theoffset from the midpoint of the loop. The simulation results are shown in Fig. 5 . The train of closed space data pulses appears in the 10 ns switching window. It is clear that the packet with address 1 is routed to port 2 of TOAD2 and all optical routing is realized. 
THEORETICAL ANALYSIS ON CROSSTALK IN A TOAD
Definition of Crosstalk
Two types of crosstalk are evident, inter channel crosstalk and channel crosstalk. The inter channel crosstalk occurs due to the appearance of non-target channel pulses in the switching window of the demultiplexer, and channel crosstalk occurs due to transmission of energy from non-target channels during the carrier recovering period. For convenience, the center of a switching window was defined at the middle between the two 50% maximum crossing points of the switching window for two window TOAD. The peak of the target channel data pulse was then placed in the center of the switching window as shown in The output signal energy due to the target chamwl is given by (1):
where t is the center of the switching window, TD is the bit slot time, T(t) is the switching window profile and P(t) is the signal pulse power profile. The signal pulse is assumed to have its maximum power at time t 0. The output signal energy due to the nontarget channel is given by (2):
Where T is the channel period and P,, is periodic train of data pulse P(t) with the period TD, one of them has its peak attime t = 0. The crosstalk is defined as: XT = 1O1og(lO)() (3) Where the factor two accounts for the assumption that one and zero bits are equally probable.
Channel Crosstalk and bit pattern noise
Channel crosstalk is described using the matrix W, with the elements given by equations 4-6 as follows:
Where M is the number of the channels, TD is the bit slot time and the mean arrival time of the control pulse is t.The matrix elements WXT[ij] correspond to the output signal energy due to finite leakage of the switching window outside of the target channel bit slot. The target channel bit slot is assumed in the interval (-TD/2, TDI2). The first index i is an arbitrary number of the different channels and the second indexj corresponds to bit one (/ = 1) and bit zero (j = 0). Timing jitter was neglected in this consideration. The deterministic crosstalk can now expressed as:
With the discrete probability density functionfj(j) = 0.5 for bothj = 0 andj = 1, assuming equally likely bit one and zero. The variance of the crosstalk is now called bit pattern noise as it is appearing like a noise source due to the randomness of the information on the data signal and is expressed as:
Considering simultaneously the channel crosstalk and the timing jitter between signal and control pulses, the switch window width of TOAD is optimized to achieve the best demultiplexing performance5'6. Figure 7 shows obtained channel crosstalk results using equation 2. The plot shows the channel crosstalk against the asymmetry. It can be seen that minimum crosstalk occurs when the SOA is placed at the center ofthe loop. The recovering clockwise and the counterclockwise phase and gain responses are coincident at this point resulting in -60dB transmission during the nontarget period. Moving either side from the center, crosstalk minimum has a marked increase due to the finite gap between clockwise and counterclockwise phase and gain response during the carrier recovering period as they move with loop asymmetric relative to each other. There is a departure from what is expected notably the asymmetric nature about the crosstalk minimum. The reason for this is the different shaped switching window with the amplifier on both sides of the loop center. The control signal propagating in the direction of CW component and counter to the direction of CCW component in the loop causes the different shaped window. The transmittance relies on the difference between clockwise and counterclockwise phase and gain responses The channel crosstalk is shown to have an absolute minimum of -60dB around the center of the loop. Therefore, the transmittance equation (9) must approach zero.
SIMULATION OF CROSSTALK OF ALL OPTICAL ROUTER
Simulation of Channel Crosstalk in Terahertz Optical Asymmetric Demultiplexer
This occurs when g(t) = g(t) and P41(t) = .1-i(t). Considering the phase and gain responses, this will occur when
Where N(z,t) is the refractive index at position z in the ioop at time t. N is the refractive index with no signal applied, ais coefficient of the SOA. It is apparent that the condition in equation (10) must be satisfied for the minimum crosstalk. With the carrier density for the recovering period ,the necessary condition for minimum channel crosstalk can be shown to be as:
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Simulation of inter channel crosstalk
As shown in Fig. 4 , non-target channels appear within the switching window, which causes inter channel crosstalk. The inter channel crosstalk increase for higher data rate is due to the fact that more bits are contained within the switching window while the width of switching window keeps constant. Fig. 8 shows the simulation results of inter channel crosstalk Vs. bit rate of OTDM signal for the same parameters as in Table 1 
The effect of control pulse energy on crosstalk
The crosstallc with different contiol pulse energy was simulated using equations (1 3) and the results are shown in Fig 9 The crosstalk is small at control pulse energy < O.2pJ. The energy here is not enough to induce sufficient nonlinearity of SOA for routing the signal to port2. All signals are reflected to the porti of TOAD. O.2pJ or more control pulse energy is needed to mduce sufficient non linearity in the SOA for routing the OTDM signal at 200Gbit/s The crosstalk is at its peak at control oulse energy of 0.2 pJ, decreasing slowly as the control pulse energy increases. The reason for that is the control pulse energy affects the carner density of the SOA which determines the gain of the switching window In other words the more power the more gain during the region from O.2pJ to 1 .9pJ. The simulation results are in good agreement with the experimental results8.
However, this is only valid under the assumptions made for modeling the demultiplexer, which assume the data signal energy is 0. lpJ and there is no influence ofthe data signal on the carrier density among other things. Fig. 9 The effect of different control pulse energy on crosstalk.
CONCLUSION
This paper presents a comprehensive study of the mathematical model of an all optical router based on the terahertz optical asymmetric demultiplexer (TOAD). This model can recognize the address and route packet signals for a case where the packet bit period is only 4ps, corresponding to a 0.25 Tb/s bandwidth optical network. The crosstalks associated with the all optical router are inter channel crosstalk and channel crosstalk. The mathematical model suitable for crosstalk simulations has been demonstrated. The simulation results are in good agreement with the practical experimental results, which have been reported by other researchers 8 I has been shown that there exists a tradeoffbetween crosstalk and data rate. The optimized switching energy has been presented which determines the profile ofthe switching windows. It is clear that the router sensitivity strongly depends on the asymmetric position ofthe semiconductor laser amplifier within the loop. We believe that this all-optical router, which overcomes the bottleneck of optoelectronic conversion, has potentially useful characteristics as a component for high speed optical TDM networks due to its ultrafast switching capability.
